THE anterior part of the cingulate gyrus (Area 24 of Brodmann), though topographically remote from the hippocampal region which Professor Meyer has discussed, may not be so much functionally separated. Firstly, there is a striking similarity between some of the more marked behaviour changes in monkeys after cingulate excision and Bucy's temporal lobectomy preparations; and secondly an anatomical pathway via hypothalamus and thalamus is established which can provide connexions between hippocampus and cingulate gyrus, and the evidence suggests that this gyrus is the main cortical end-station for such connexions. It may therefore be that so far as function is concerned we are viewing two parts of one mechanism.
changes in behaviour are noted. They affect particularly the sphere of emotional reactions to the environment and have been variously described as increased tameness, loss of aggression and loss of fear and appreciation of danger. They were demonstrated by Smith (1945) and later by Ward (1948) , and we were ourselves able to confirm them in 7 animals operated on in collaboration with Dr. Paul Glees in 1949 (Glees et al., 1950) . The changes were certainly striking. There was a loss of the normal reaction of fear to both animate and inanimate objects, even to so highly charged a stimulus as the net by which the animals were usually caught, so that behaviour towards man was profoundly changed. What has been termed "social behaviour", the reaction to other monkeys in the group, was also modified. Further, there was a quite unusual brevity and lack of persistence in those reactions of fear and apprehension that could still be elicited. This behavioural change seemed to be linked specifically with the anterior part of the cingulate gyrus because when similar extirpations were made in Area 23 more posteriorly, they were not observed. Indeed, apart from some post-operative malaise there was strikingly little in the way of behaviour change at all. (Glees, 1954 .) The observations suggested that if an area with similar functions could be extirpated in man, it might here, too, change the emotional response to the environment.
It was with this in mind that we considered the possibility of limited cortical excisions in this area in man as an alternative to the rather haphazard procedure of leucotomy. Every care was taken to limit the excision to the area shown in Fig. 1 suction ablation and damage to the branches of the anterior cerebral arteries was avoidedat times a small bridge of tissue being left beneath them to achieve this. The area ablated varied slightly from case to case, but was about 4 cm. long by 1 cm. wide by 1 cm. deep. Since 1948, 35 of our patients have had the operation, and 5 autopsies are now available: 1 directly due to the operation and 4 from causes unconnected. They confirm that we have achieved the small lesion we planned, though in one of them the lesions were placed too high and involved Area 32 on each side. In particular, there was no unintentional damage to the convexities of the hemispheres, and no vascular changes extending deep towards the head of the caudate such as we saw in some of our monkeys, where vessels are admittedly Table II ). She was a severe hypertensive with much myocardial change, though the evidence for recent infarction was not convincing. Fig. 2 shows the extent of the surface lesion brought out more clearly in a drawing of the left side in Fig. 3 . Fig. 4 shows the depth of the lesion which has infringed some of the fibres of the cingulum and possibly the corpus callosum. I mention this because the cingulum is probably always injured to some extent in operations on the medial surface of the hemisphere and the possible importance of this tract, especially as a pathway of hippocampal connexion has perhaps been neglected. Both Simpson (1952) , using degeneration studies, and more recently Pfuhl (1954) , from less reliable fibre dissections, showed a definite contribution to the cingulum from the hippocampus: and the latter found it from the amygdaloid nucleus also. I have emphasized that we do seem to be making limited lesions, because whatever permanent changes occur after operation must presumably be due to alteration of functions mediated in some way by this small area. We have no evidence so far of more extensive frontal lobe involvement either by operative trauma or more widespread vascular change. Indeed, in some of the histological specimens small arterial branches may be seen with the outer coat damaged but still remaining patent and functioning, an observation which emphasizes how robust the human as compared with the monkey's vessels are. These lesions are also smaller than those made by Le Beau (1953) who has now published some 30 cases of operations on the medial aspect of both frontal lobes, but who has deliberately extended his ablations at times to Areas 32, 12 and possibly 25.
When speaking of the regional anatomy of the cortex it is still convenient to use Brodmann's areas as a topographical lingua franca, and I have done so for this reason. However, their anatomical basis is now questioned and their recognition macroscopically and at operation is inevitably very approximate. I do not wish to imply any unreal accuracy or precision in site of lesions, but would emphasize only that they were small in extent. Detailed anatomical studies will be published in due course by Dr. Glees, but broadly speaking the efferent connexions of the area in man appear to be similar to those defined earlier in our study of monkeys. In Fig. 5 these are summarized. It may be seen that there are extensive intracortical connexions, upwards towards the convexity, downwards to the orbital frontal regions and also backward to the more posterior medial Area 29. There are also connexions to the anterior nuclei of the thalamus.
When it was first employed, the operation had to be done only on those patients wrhose condition justified the use of a procedure wohich wvas on trial. During this stage 18 chronic deteriorated cases were treated. The majority were schizophrenics and all were selected as far as possible because they had either marked obsessional features or outbursts of aggression or other conduct abnormality which seemed to be based on an environmental stimulus rather than an internal or hallucinatory one. Diagnoses included 11 schizophrenics, 2 cases of undiagnosed dementias with episodic aggression, 1 paraphrenic, 1 presenile dementia with marked obsessions, 2 melancholics and 1 episodic aggression in post-encephalitis lethargica. 3 died-1 post-operation infection, 1 pneumonia, 1 mesenteric thrombosis.
5 cases had subsequent leucotomies, 2 with marked improvement. 3 had had previous leucotomies with transient or no benefit and 1 of these showed sustained improvement after cingulectomy. Although no permanent clinical benefit resulted in the majority, there was some early change in all of them. During the first few weeks after operation conduct improved to some extent and there was greater accessibility. In the first fewr days this was sometimes striking. A fewr cases showed improvement lasting for months, and in 3 it seems to have been permanent These effects may well have been only partially due to the operation, but they were sufficient, combined with a reduction in the seemingly provoked aggressive outburst and obsessional thought and behaviour, to encourage us to pursue the matter. The results also made it clear that the sometimes catastrophic personality changes occasionally seen in posterior leucotomies did not occur. Indeed, in those few cases where it was possible to judge, the changes usually associated with frontal lobe dysfunction appeared to be present only in minor degree. We therefore felt it justified to try the procedure in cases of disabling mental illness with well-preserved personalities who had failed to respond to other measures and whose prognosis was considered bad. The cases that were now considered were brought forward because basic personality was well preserved and the intellectual and social setting of the patient was such that deterioration in standards of personal behaviour was especially likely to be a disadvantage. Within this group we selected as far as possible those whose illness involved excessive emotional reaction to their environment-anxieties rather than depressions-and those with obsessive symptoms, both the single obsessional idea with its aura of compulsive protective ritual and the more diffuse obsessive ruminations. 17 such patients have now been operated on. Diagnoses, which usually represent the consensus of opinion of five psychiatrists, are stated according to the predominant clinical feature of each case. In most cases other features were also present, e.g. obsessions with anxiety, depression with obsessional symptoms, &c. In a few, the prominence of these other features almost matched that of the diagnostic label. All cases without exception also showed some degree of increased tension. Table I shows the details of 7 mainly affective disorders. Of this group, 4 were improved-they were happier, able to live at home, to return to work of sorts and to get by with occasional out-patient psychiatric treatment only, though their symptoms were still present and limited their activities. 2 were greatly improvedtheir symptoms were to all intents and purposes abolished and they were able to lead full normal lives. They regarded themselves, and were regarded by their relatives, as cured. In fact I would myself have used this word to describe some patients in this group, but my psychiatric colleagues felt it was too bold for an illness which might have been involving the patient's personality for decades with possibly prolonged cycles of remission and relapse. One was unchanged, and had a leucotomy later with some permanent improvement. One case (R. B.) classed as improved showed a rather interesting development of a mildly paranoid reaction. Much of his time before operation was devoted to worrying over trivial matters and in an excessive meticulousness in performing all he did to the highest possible standard. After operation these symptoms cleared and his energy was expended with less care and circumspection on slightly aggressive salesmanship. When this brought him into conffict with his superiors he complained that they were against him. A careful investigation revealed that there was some slight justification for this view, but not as much as he thought. A change of job to salesmanship of a simpler type allowed him to adjust better, though he remained bitter and hostile about his previous employers. A further case, F. L., also in the improved group, maintained his improvement for some two and a half years and then relapsed. But the features of his second illness differed from the first. Whereas before he showed marked tension and anxiety with many obsessional features, he later had a much more flat depression and obsessional symptoms were not prominent.
Another case, P. A., also showed a marked reduction in tension and anxiety and obsessive hypochondriacal complaints about his bowels, and was able to return home for a short while. However, nine months later he began to show bizarre delusions about the decay of his body and was readmitted to hospital where a diagnosis of schizophrenia was finally made. Now, three years after operation, he is slow and apathetic with persistent delusions, but no evidence of anxiety or tension.
Among the 10 mainly obsessional patients shown in Table II and 4 improved. However, in one of the latter the part played by the operation was not certain. This patient (J. M.) had previously had a leucotomy-the only one in this group of well-preserved cases-with transient benefit for four months. Following the cingulectomy her disabling obsessions and rituals cleared to some extent but she appeared to be relapsing once more when she struck up an intense friendship with a slightly younger woman of considerably greater intelligence, who was also for a time under psychiatric treatment. Following this, improvement was rapid and the two seemed to help each other in losing their symptoms and living a full and normal social life. When last seen she was still maintaining this friendship and it was questionable how she would fare if it was interrupted.
Apart from the therapeutic assessment, the general behaviour changes noted in these patients post-operatively are of some interest. In the early days they showed undoubted evidence of the kind of behaviour seen in frontal lobe dysfunction. They were uninhibited, overtalkative, tactless and easily distractable; expressing their feelings and using expletives freely. But these symptoms were not marked and had largely cleared after a week or so. Fears and obsessions were not suddenly abolished, but faded out gradually over weeks or months. However, tension and marked emotional reaction to these symptoms were certainly reduced immediately after operation. Amongst more permanent sequele was a slight reduction of inhibition. They would say what they thought more readily and do what they wanted with less thought about it. These changes were not obvious and did not interfere in any way with social or family life. Indeed, they were regarded by relatives as a return to normal. There was also an undoubted reduction in the tendency for thoughts and emotions to persist and become obsessive. If they were annoyed or worried they expressed their feelings and the matter was ended. Pari passu with this was a slight loss of drive and concentration and perhaps of depth and range of general interests; but also some increase in their ability to make social contacts, since their emotional reactions though more shortlived were also more readily elicited. Though no increase in sleep was noted, complaints of tiredness were common in the first few months. These changes illustrate well the point that Elithorn (1955) made recently that one cannot really separate therapeutic effect and personality change. What emerges clearly is that in none of these cases were the personality changes a disability or disadvantage to the patient. None was made worse by the operation. The changes were not obvious even to near relatives, and when noted were regarded as signs of cure.
It is worth emphasizing also that this assessment has been continued for some years in the majority of cases, and that with the experience of early and later reports on leucotomy in mind, we looked especially in the home and work situation for the later emergence of adverse personality changes and found no evidence of this.
The changes that do occur may be summarized as a reduction of inhibition and a loss of perseveration in both cognitive and emotional spheres.
The operation is a major neurosurgical procedure, and its advantages must be weighed against those of other more simple interventions. It certainly produces less blunting of personality than leucotomy and probably less than orbital undercutting, though the difference here is less marked. It has to be considered for the well-preserved patient of potentially high intellectual and social status, disabled by obsessional or severe anxiety neurosis; and on present results we feel it should be considered seriously.
Leaving the interesting but difficult field of personality changes, two further points of more strictly neurological interest arise. First, the question of epilepsy. Le Beau (1952) has used a bilateral ablation of Area 24 and near-by areas in the treatment of cases of conduct disorder with episodic aggression and often overt epilepsy, and has reported improvement in 16 of 23 cases. Of our 35 cases, 4 had epilepsy before operation. In 3 this consisted of rare isolated fits, in 2 only in childhood, but in 1 the picture was similar to Le Beau's cases-a severe episodic aggression with epitbpsy and some suggestion of dementia. This case showed an undoubted reduction in her fits and some reduction of her aggressive outbursts. The other 3 had a recurrence of their fits, which they had not had for years, in the first post-operative week, and in one this proceeded to status epilepticus. Later on, in 1 of the 3, fits persisted as an occasional attack despite anticonvulsants, while in 2 there were no further fits and anticonvulsants were abandoned after four to six months. In a further 3 cases with no history of fits, grand mal attacks occurred in the first few post-operative days, but in further periods of from six months to six years, there have been no more fits. Only 1 of our cases, M. D., with no evidence of pre-operative epilepsy has had persistent attacks. These did not start until three months after operation, and it is interesting and possibly significant that they are of the inhibitory or akinetic type. The occurrence of fits in the immediate post-operative period, especially in frontal lobe surgery, is of little significance so that these observations do not necessarily conflict with Le Beau's.
Secondly, the more physiological functions of this area. Animal work has suggested that the anterior cingulate has both autonomic (Smith, 1945; Ward, 1948 ) and suppressor functions (McCullough, 1949) . We had the opportunity of stimulating the area in 6 patients operated on under local anesthetic. The stimulator with non-polarizable electrodes delivered a square-topped wave, pulse duration was varied from 5-20 millisecs., current from 2-3 5 milliamps., frequency from 20-50 c.p.s. and stimulus duration 5-10 secs. Responses were disappointingly negative. During stimulation patients counted and were asked to recall some past event to test memory functions. Both these activities were carried out uninterruptedly throughout stimulation. Voluntary movement of hands and feet was also carried out. In 4 cases when stimulating anteriorly just in front of the genu of the corpus callosum momentary arrest or change of respiratory rhythm occurred and was noted by the patient, but this could not be elicited consistently. In 2 cases also an epigastric sensation was noticed and described as "fluttering" or "sickly feeling", and in one patient this was reproduced several times when using 3-5 milliamps. These responses were not due to accidental stimulation of dura or falx: stimulation of these structures in the conscious patients gives quite a different response.
As extirpation of the gyrus was being done, in 3 cases visceral or vasomotor changes occurred. In all of them this was during removal of the second side. In I the change consisted of sweating, sudden drop in blood pressure, an unpleasant epigastric sensation and then vomiting. In 1 it was an intense unpleasant epigastric sensation-a similar less intense sensation had also been elicited on stimulation in this case. And in I sweating was accompanied by sudden involuntary evacuation of bladder and bowels. This patient was aware of the occurrence and expressed distress and shame about it.
The significance of these findings must depend to a large extent on whether such changes occur during extirpation of other areas under similar conditions. The experience of traumatic brain surgery-not perhaps strictly comparable-suggests that they do not.
Visceral and vasomotor changes were specially looked for as a prolonged sequel to operation. During the first few days after operation all patients without exception were occasionally incontinent of urine. This can be contrasted with the observation of the Ward Sister on a busy neurosurgical ward that in the conscious patient who was not incontinent before operation it was unusual to get any post-operative incontinence. However, this symptom usually cleared within a week or so, though some urgency occasionally persisted. In a group of 20 patients blood pressure and pulse-rates were recorded twice daily under standard conditions, for three months before operation and again for three months after. During the first two or three weeks after operation there was a significant lowering of blood pressure, but by one month the change was not significant. Pulse-rate also showed a tendency to drop, but was not statistically significant. In 5 cases the blood pressure and pulse-rate response to adrenaline and Mecholyl was tried (Funkenstein et al., 1949) . The tests were done on three occasions before and after operation. No changes were noted except that the post-operative response to adrenaline was less marked and less prolonged. However, the range of normal response was such that the significance of this change was doubtful: though it was felt that further investigation of this type of test, where autonomic response to stress rather than a base-line of function was measured, might be rewarding. In 2 cases, both young deteriorating schizophrenics, although pulse-rate was 70-80 when taken twice daily by the doctor in charge of their ward, whenever I visited and examined them the pulse was constantly very rapid, about 120-130, the heart beat was heaving, hemic murmurs were present and there was marked sweating of the hands. The visit was a break in their usual routine which required them to come in from the day room to their beds, and occurred weekly for two months before operation. It was thus a slightly unusual stimulus and perhaps a cause for apprehension. After operation, the pulse at my examination was always 70-80, heart action was quiet and the hands dry. Permanent autonomic changes in these cases, however, are insignificant, and if present seem a change in range of response to stimuli rather than a change in base-line. Several patients also showed an ill-defined change in facial appearance that made them look younger. The majority put on weight after operation-in 4 cases this was very marked -over 28 lb. in four to six weeks. Both these physiological changes are also seen at times after leucotomy. Neither their mechanism nor significance is clear. SUMMARY Small bilateral lesions in the anterior cingulate region in man have produced on the psychological side a slight loss of inhibition and a reduction in tension and in the persistence of emotional and cognitive activity. These changes have proved beneficial in patients with obsessional and anxiety neuroses. On the physiological side, both stimulating and excising these areas in the conscious patient have produced little positive effect. Although what changes there are have been in visceral and vasomotor function, the limited evidence so far obtained does not seem to warrant assigning specific autonomic functions to this cortex in man. SMITH, W. K. (1945) J. Neurophysiol., 8, 241. WARD, A. A. (1948) J. Neurophysiol., 11, 13. A Special Method of Stereotactic Brain Operation BY R. HASSLER, M.D., and T. RIECHERT, M.D. From the Neurosurgical Clinic (Professor T. Riechert) and the Neurological Clinic (Professor H. Ruffin) of the University of Freiburg 'Baden IN order to eliminate specific deep brain structures without injury of neighbouring structures for therapeutic purposes, we have constructed an apparatus (T. Riechert and M. Wolff) with the help of which such operations can be performed. It has thus been made possible to reach any point marked in the X-ray picture. With the same needle one can stimulate at the chosen point, record the brain potentials from it and coagulate the tissue around it. The apparatus consists of a base-ring fixed by thorn-holders on the head of the patient. On this base-ring is placed the aiming bow, which carries in a special holder the coagulation needle ( Fig. 1 ). After the base-ring has been fixed an X-ray picture is taken. In this picture we mark the point to be reached, and measure the distances of the point from the base-ring. Mistakes due to enlargement by the roentgenograms are eliminated. Instead to calculate the angles of the aiming-bow to reach the point, we use a separate phantom-base-ring corresponding in all proportions with the base-ring fixed on the patient's head. The point to be reached in the brain of the patient is marked by means of three co-ordinates on the phantom-basering. The aiming-bow is first fixed on the phantom-base-ring and without changing the angles of the needle-holder is then transferred on to the base-ring fixed on the patient's head. The needle is introduced through a burr-hole. The position of the needle-point is controlled by roentgenograms (Fig. 2) by repeated stimulation and by recording the brain potentials at the special point. If the position is correct, coagulation can be performed. We have so far performed up to 155 of these operations for different indications.
